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Previous work [1] using a one-compartment steady-state
computer model of a neuron shows how combinations
of two active dendritic conductances can produce a lin-
ear dendritic response over a voltage range of ca. 15 to
22 mV. Here we extend this linearization issue to a
dynamic, non-steady state situation for a neuron model
with a soma, dendrite and distal compartment. It is
known that synaptically-induced voltage pulses that ori-
ginate in distal compartments will be both attenuated
and broader by the time they reach the soma due to the
passive cable properties of neurons. Additionally, neu-
rons in intact brains are not isolated but are under con-
stant synaptic bombardment. While a single synaptic
event will not significantly affect the cell properties,
thousands of such events will significantly change the
integrative properties of neurons [2]. Due to the reduc-
tion in membrane resistance caused by synaptic activity,
attenuation of individual voltage pulses is even stronger
in the presence of background synaptic activity. This
study shows that the presence of active conductances
distributed along the cell membrane can mitigate some
of the effects of electrical filtering on voltage pulses pro-
pagating to the soma, even in the presence of back-
ground synaptic activity.
We consider three uniformly distributed conductances
found in pyramidal cells of the forebrain: persistent
sodium current (INaP) [3,4], hyperpolarization-activated
mixed cation current (Ih) [5], and A-type potassium cur-
rent (IKA) [6]. Added to an otherwise passive cell, select
combinations of these voltage-activated ion channels
can generate linear synaptic integration over the entire
interspike interval (ISI) membrane potential range, that
is from rest (here -72 mV) to threshold (here roughly
-45 mV). In the presence of various levels of back-
ground synaptic activity, the ratio of these active con-
ductances changes and contributes to the inverse ISI
effect. Under the constraint of linear synaptic integra-
tion, the length of the ISI is seen to be inversely related
to the intensity of the background synaptic activity. This
inverse relationship results from a decrease of the effec-
tive time constant of the cell by increased levels of
membrane conductance induced by the combination of
synaptic activity and active conductances.
Acknowledgements
D. Morel wishes to acknowledge the Willa Dean Lowery Fund to Support
Research in the Natural Sciences at Stetson University for partial financial
support of this project.
Author details
1Department of Physics, Stetson University, DeLand, FL 32723, USA.
2Departments of Neurosurgery and of Psychology, University of Virginia,
Charlottesville, VA 22908, USA.
Published: 8 July 2013
References
1. Morel D, Levy WB: The cost of linearization. J Comput Neurosci 2009,
27:259-275.
2. Paré D, Shink E, Gaudreau H, Destexhe A, Lang EJ: Impact of spontaneous
synaptic activity on the resting properties of cat neocortical pyramidal
neurons in vivo. J Neurophysiol 1998, 79:1450-1460.
3. Agrawal N, Hamam BN, Magistretti J, Alonso A, Ragsdale DS: Persistent
Sodium Channel Activity Mediates Subthreshold Membrane Potential
Oscillations and Low-threshold Spikes in Rat Entorhinal Cortex Layer V
Neurons. Neuroscience 2001, 102:53-64.
4. Magistretti J, Alonso A: Biophysical Properties and Slow Voltage-
dependent Inactivation of a Sustained Sodium Current in Entorhinal
Cortex Layer-II Principal Neurons. J Gen Physiol 1999, 114:491-509.
5. Magee JC: Dendritic hyperpolarization-activated currents modify the
integrative properties of hippocampal CA1 pyramidal neurons. J Neurosci
1998, 18(19):7613-7624.* Correspondence: dmorel@stetson.edu
1Department of Physics, Stetson University, DeLand, FL 32723, USA
Full list of author information is available at the end of the article
Morel and Levy BMC Neuroscience 2013, 14(Suppl 1):P239
http://www.biomedcentral.com/1471-2202/14/S1/P239
© 2013 Morel and Levy; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
6. Hoffman DA, Magee JC, Colbert CM, Johnston D: K+ channel regulation of
signal propagation in dendrites of hippocampal pyramidal neurons.
Nature 1997, 387:869-875.
doi:10.1186/1471-2202-14-S1-P239
Cite this article as: Morel and Levy: Interspike intervals under the
constraint of linear synaptic integration and background synaptic
activity. BMC Neuroscience 2013 14(Suppl 1):P239.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Morel and Levy BMC Neuroscience 2013, 14(Suppl 1):P239
http://www.biomedcentral.com/1471-2202/14/S1/P239
Page 2 of 2
